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M [t〉M ′ ⇔ ∀p ∈ P M(p) w Pre(p, t)KMa^
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∀p ∈ P M(p) ≤M ′(p)
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a⊕ b w c
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(a	 b)⊕ b w a, b
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c = a ⊕ x = b ⊕ y
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M [t〉M ′ ⇔ ∀p ∈ P M(p) w Pre(p, t) ∧ M ′(p) = (M(p)	 Pre(p, t))⊕ Post(p, t)
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∃M ′ M [u〉M ′
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(M − Pre(a)) + Post(a) w Pre(b)
⇔ M w max (Pre(a);Pre(a) + (Pre(b)− Post(a)))
⇔ M w Pre(a) + max (0;Pre(b)− Post(a))
⇔ M w Pre(a) + (Pre(b)	 Post(a))
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(x, y) ⊗ (x′, y′) = (x ⊕ (x′ 	 y), (y 	 x′)⊕ y′)
HJ<V]L}^~kAKMHSHV_P|K.OS|j]AM

 - °#´ w ° 
  3131 A&      1 	 	   F&     !F8" 
    
 A )	       (
#  $    

⊗
 A      
#   $ & A    &
(b⊕ c)	 a = (b	 (a	 c))⊕ (c	 a)
    
#    $ & %     %
     *(
a⊕ b = a⊕ c ⇒ b = c
 
#   $ 8 ,     &
(a⊕ b)	 b = a
    
;=<AUSA@?7KM|a|}aq[KMUO7VnEOJ<|}HHJAI_POJ|}VMa |H7^A@j]VnOJA^,OSVOJ<A[UJV#Vn¦VnOJ<|H7USAIHJLOI«§H7Kn}UJAKM^R
aVnOJ|_PA^OJ<A0^|}j#|k|}|O*RVMOJ<A0?BVMaV]|}^¡|  A]





	  		   	
|^AIa]OS|OS|AH
(div1) : a⊕ b w a
(div2) : 0 v a






(int1) : a v b ⇔ a	 b = 0
(int2) : a	 0 = a
(int3) : 0	 a = 0
(int4) : a	 a = 0
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(b⊕ c)	 a = (b	 a)⊕ (c	 (a	 b))
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(x, y)⊗ [(x′, y′)⊗ (x”, y”)] =
= (x, y)⊗ [x′ ⊕ (x”	 y′), (y′ 	 x”)⊕ y”] =
= (x⊕ [(x′ ⊕ (x”	 y′))	 y], [y 	 (x′ ⊕ (x”	 y′))]⊕ (y′ 	 x”)⊕ y”)
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[(x, y)⊗ (x′, y′)]⊗ (x”, y”) =
= [x⊕ (x′ 	 y), (y 	 x′)⊕ y′]⊗ (x”, y”) =




x⊕ [(x′ ⊕ (x”	 y′))	 y] = x⊕ (x′ 	 y)⊕ [x”	 ((y 	 x′)⊕ y′)]







x⊕ [(y ⊕ (z 	 t))	 u] = x⊕ (y 	 u)⊕ [z 	 ((u	 y)⊕ t)]
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(b⊕ c)	 a = (b	 a)⊕ (c	 (a	 b))
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x⊕ [(y ⊕ (z 	 t))	 u] =
= x⊕ (y 	 u)⊕ [(z 	 t)	 (u	 y)]
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= x⊕ (y 	 u)⊕ [z 	 (t⊕ (u	 y)]
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(a	 b)	 c v d ⇔ a	 b v c⊕ d ⇔ a v b⊕ c⊕ d ⇔ a	 (b⊕ c) v d
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(b⊕ c)	 a = (b	 a)⊕ (c	
(a	 b))
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a w b⊕ c ⇔ a w b
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a w b ⇒ [a = b⊕ c ⇔ c = a	 b]
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d w b, c
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a u b = a	 (a	 b)
 <    ;CR  A@?B?7K ¡ l©lM£0A<K(jMAOS<K.O
a 	 (a	 b) v a, b
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(RL1) a⊕ (b u c) = (a⊕ b) u (a⊕ c)
(RL2) (a t b)	 c = (a	 c) t (b	 c)
(RL3) a	 (b u c) = (a	 b) t (a	 c)
(RL4) (a	 b)⊕ b w a
(RL5) a	 (a	 b) v b
(RL6) a⊕ (b	 c) w (a⊕ b)	 c
(RL7) (c	 b)⊕ (b	 a) w c	 a
(RL8) c	 b w (c	 a)	 (b	 a)
(RL9) b	 a w (c	 a)	 (c	 b)
(RL10) c	 b w (c⊕ a)	 (b⊕ a)
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(b⊕ c)	 a = (b	 a)⊕ (c	 (a	 b))
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C] 
a w b
&  #  $
a = b⊕ c⇔ a	 b = c
 #   $
a w b⊕ c⇔ a	 b w c
  -
a w c
8   #  $
a	 b = c⇔ a	 c = a u b
 #   $





&  #  $
a = b ⊕ c ⇔ a 	 b = c ⇔ a 	 c = b

  #   $
a w b⊕ c ⇔
a	 b w c⇔ a	 c w b 
a	 b = (a t b)	 b


b = (a t b)	 (a	 b) 
b = (a u b)⊕ (b	 a)


b	 a = b	 (a u b)
 <    C]}¡¢||9£ ( 2 
a w b ⊕ c
OJ<A@a
a 	 b w (c ⊕ b) 	 b = c
 !¨VMa#jMAIUSHJA@}RM}APOL\H!KMHSHL?BA0OJ<\K.O




a = (a 	 b) ⊕ b
KMa^OS<4L\H
a w c ⊕ b
!CM¡|9£=V]}V.ZH=USVM?
C]}¡¢||9£¨OJV]qMA@OJ<AIU|OJ<OS<AKM^(W*La_OS|V]a (
a v b⊕ c⇔ a	 b v cl}¡¢|£P ( 2 
a 	 b = c
OS<A@a
a 	 c = a 	 (a 	 b) = a u b
 !¨VMa#j]A@U`HAIR]A@OdLHK]HJHJL?BABOJ<KnO




c = a 	 (a 	 c) = a 	 (a u b) = a 	 b

§_OSLKn}}R
a	 (a u b) =
 k#RF  f 
(a	 a) t (a	 b) =
 k#R|}a4OJY 
0 t (a	 b) =
 k#R^|}jl 
a	 bl}¡¢||9£ ( 2 
a 	 b w c
OJ<A@a
a 	 c w a 	 (a 	 b) = a u b
 !¨VMa#jMAIUSHJA@}RM}APO!LHK]HJHJL?BA0OJ<KnO








a t b = (a	 b)⊕ b

a t b w a w a	 b
KMa^
a t b w b

e(ªVM}}V.ZHUSVM? f¡|9£HJ|a\_PA
a u b = b	 (b	 a), b w a u b
Kna^
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1. (b⊕ c)	 a = (b	 a)⊕ (c	 (a	 b))
2. c	 (a	 b) = ((b⊕ c)	 a)	 (b	 a)
3. [(b⊕ c)	 a]	 [c	 (a	 b)] = b	 a
 <      APO
α = (b⊕ c)	 a

β = b	 a
KMa^
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V]}V.ZHUJV]? ¡¢F  p]£=KMa^~|}^AIa4OJ|O*R¡Ôl e]£(
(b⊕ c)	 a w ((b⊕ c)	 b)	 (a	 b) w c	 (a	 b)
;=<#LH=k#R  A@?B?7Kl}CIm}¡Ôf |£|uVM}}V.ZHOJ<KnO





,x 3-  3   &  1   
b w c ⇒ a⊕ (b	 c) = (a⊕ b)	 c
c w b ⇒ (a⊕ b)	 c = a	 (c	 b)
 <     2 
b w c
OS<A@a
(b	 c)⊕ c = b
Kna^OJ<#LH





c 	 (c 	 b) = b
Kna^OJ<#LH
a ⊕ b = a ⊕ (c 	 (c 	 b)) = (a ⊕ c) 	 (c 	 b)
LHJ|aq
OS<A![USAI_@AI^|}aq0[\V]|a4OQKna\^kAI_IKnLHJA
c w c	 b
 2 OVM}}V.ZH
(a⊕ b)	 c = ((a⊕ c)	 (c	 b))	 c =





,x 3-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 >8 &    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c	 (a	 b) = ((b⊕ c)	 a)	 (b	 a)
 <    
((b⊕ c)	 a)	 (b	 a) =
= [(b⊕ c)	 ((a u b)⊕ (a	 b))]	 (b	 a)
B¨° 
 
,x 3 3  
= [((b⊕ c)	 (a u b))	 (a	 b)]	 (b	 a)
 B  
= [(c⊕ (b	 (a u b))	 (a	 b)]	 (b	 a)
B¨° 
 
,x 3  3, t/18¤y °
b w a u b
= ((c⊕ (b	 a))	 (a	 b))	 (b	 a)
B¨° 

,x 3- 3  
= ((c⊕ (b	 a))	 (b	 a))	 (a	 b)
 B 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KMa^~AI?0?7K¡ l}CIf]£P
4 ´ w ´ ,,¢xw ±  3 13* 1    , 1 
	  8     F86  	      
¡ l  ]£
a w b⊕ c ⇔ a w b

 
a	 b w c
 <    
a w b⊕ c ⇔
⇔ (b⊕ c)	 a = 0
CR|}a4OIC
⇔ (b	 a)⊕ (c	 (a	 b))
CR~l p
⇔ b	 a = 0
KMa^
c	 (a	 b) = 0
CR^|}j#f
⇔ a w b
Kna^
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 		   	
2 ^AIa4OJ|O*R¡Ôl p]£|}H=KMa|a4OSA@USaKn}|K.OS|V]a7Vn¡Ôl  4£L\H|}aqOS<A¦K.N|V]?7K.OJ|}IKnOJ|}VMaBVnOJ<AEVMU`^A@U¨UJAI}KnOJ|}VMa (
a v b⇔ a	 b = 0

l f rBµuµ
/¢v/ ´ 8ux , 	 w ´
	° w(v/ ° t ´ v- °  w / 8,0~w , °3  APO¨LH_PV]aHJ|}^AIUK¦aA@OV.jMAIUK¦TuA@OJUS|\KMq]A@kU`K
A,
OJ<A@aA_IKna |}a^L_POJ|}jMA@}R6^AP{aAOS<AgKM[[}|}_IK.OJ|}VMa\H
Pre, Post : P × T ∗ → A
k#R6A@OOJ|}aq
ϕ(p, u) = (Pre(p, u), P ost(p, u))
<A@USA
ϕ(p,−) : T ∗ → A×A
|HOS<ALa|4LA?BVMaV]|}^¦?BVMUS[<|HJ?
HJL_`<7OS<K.OOJ<AQ|}?BKMqMAH





Pre(p, ε) = Post(p, ε) = 0
Pre(p, uv) = Pre(p, u)⊕ (Pre(p, v) 	 Post(u, p))
Post(p, uv) = (Post(p, u)	 Pre(p, v))⊕ Post(p, v)
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 M [u〉M ′   8)&          >  	  
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       ,&>

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)	    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    
 
 
∀p ∈ P M(p) w Pre(p, u)

 
M ′(p) = (M(p)	 Pre(p, u))⊕ Post(p, u)
 
∀p ∈ P M ′(p) w Post(p, u)

 
M(p) = (M ′(p)	 Post(p, u))⊕ Pre(p, u) 
∀p ∈ P M(p) w Pre(p, u)  M ′(p) w Post(p, u)

 
M(p) 	 Pre(p, u) = M ′(p) 	
Post(p, u)






















M ′ = (M 	 Pre(u))⊕ Post(u)l
M ′ w Post(u)
Kna^
M = (M ′ 	 Post(u))⊕ Pre(u)f
M w Pre(u) 	 M ′ w Post(u)
Kna^
M 	 Pre(u) = M ′ 	 Post(u)ªVMU=OJ<\K.OZ[LUS[V]HJAEA¦UJA_@KMOS<A!A	4L|}j.Kn}A@a_@AB¡ l  ]£
a w b⊕ c ⇔ a w b
Kna^
a	 b w c
<|}_`<Kn}V.ZHLHOJV7_PV]a_P}L^A¦OS<K.O
[M ′ w (M 	 Pre(u))⊕ Post(u)] ⇔ [M ′ w Post(u)
Kna^
M ′ 	 Post(u) wM 	 Pre(u)]
<|}_`<|}aOJLUSa|}a_PV]a.W*La_POJ|}VMa|OS<











Pre(ε) = Post(ε) = 0
Pre(uv) = Pre(u)⊕ (Pre(v) 	 Post(u))
Post(uv) = (Post(u)	 Pre(v)) ⊕ Post(v)
A^A^L_@AOJ<KnO
M [ε]M ′ ⇔ M = M ′ ⇔ M [ε〉M ′
<A@USA
ε ∈ T ∗
|HOJ<AA@?B[O*R
VMU`^=Kna^:k#R6^AP{a|OJ|}VMa










{M [u]M ′ | u ∈ T ∗}
|HOS<AOJU`KnaHJ|OS|j]Ag_P}V]HJLUSAVn!OS<AA@}A@?BA@a4OSKMUJR6OJU`Kna\H|OJ|}VMa USA@K.OS|V]a
{M [t〉M ′ | t ∈ T}
Kna\^OJ<KnOE|O!_PVMa\HA ]LA@a4OJ}R_@VM|}a_P|^AHQ|OJ<
{M [u〉M ′ | u ∈ T ∗}
¦ªV]UQOS<K.O
[LUJ[V]HJAM}APOZL\H=VMkHJA@USjMAOJ<KnO
(0,M)⊗ (Pre(u), P ost(u)) = (Pre(u)	M, (M 	 Pre(u))⊕ Post(u))
KMa^OJ<#LH
M [u]M ′ ⇔ (0,M ′) = (0,M)⊗ (Pre(u), P ost(u))
¡¢¨A¦USAI_IKn}OJ<KnO






















(M 	 Pre(u)) ⊕ Post(u)
Kna\^ <AIUJA
M [u]HOSKMa^HV]U
∃M ′ · M [u]M ′
OS<K.O|HOJV HSK(R
M w Pre(u)
 CR ^AP{a|OS|V]a VM
⊗
VMaA<K]H
M [uv] ⇔ M w Pre(uv) = Pre(u) ⊕ (Pre(v) 	 Post(u))























a t b = a 	 (a	 b)
Kna\^
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(A,⊕, 0)

  ) 	 	   A   1-
(A,t,u)
 	  &   (
 ;&   	     )   ,8 >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0 v a

   	       8#
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a⊕ b w c ⇔ a w c	 b
 
(a⊕ b)	 b = a

 
a u b = a	 (a	 b)

 
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a w b ⇔ ∃c · a = b⊕ cl




a t b = b ⊕ (a 	 b)
KMa^|O!A@a4O`Kn|}}HOJ<A0}AP9O¦OSV
US|}qM<4O¨|}?B[|_@KnOJ|}VMaVMOJ<AQV]UJ?BA@U.(
a w b ⇒ ∃c · a = b⊕ c
;=<A¦_PV]a#jMA@U`HJA|?B[}|}_IK.OS|V]aVM}}V.ZH
USVM? OJ<A7|^AIa]OS|O*R
a ⊕ b w a
<|}_`<|}aOJLUSa_@KnakA¦W*LHOJ|{AI^K]H¦VM}V.ZHI 2 ^AIa]OS|O*R












LOSKnOJ|}jMA ¦¥­Q®KMq]A@kU`K7¡  f   £|}H¨K!_PV]?0?
LOSKnOJ|}jMAUSAIHJ|}^LK.OSAI^0}KnOOS|}_@AQHL\_`<
OS<K.O
a ∨ b = a 	 ((a 	 b) ∧ 0) 	
|OKnHVHJKnOJ|H*{\AIH
a ∧ b = ((a 	 b) ∧ 0) ⊕ b

§ ¦¥­Q®KMq]A@kU`K
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A 4L|[[\A^|OJ<:Kna:VMU`^A@U0UJAI}KnOJ|}VMa_@VM?B[KnOJ|}kA|OJ<:|O`H0K]^^|OJ|}VMa ¡|  A]6KM^^|OS|V]a|H0|a_@UJAKMHJ|aq
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a	 b = (a− b)t 0
¡¢<A@USA
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T Pre(p, t), P ost(p, t) ∈ Ap
«§ ?7KnUS#|aq|HK?7Kn[




















M [t〉M ′ ⇔ ∀p ∈ P M(p) w Pre(p, t) ∧ M ′(p) = (M(p)	 Pre(p, t))⊕ Post(p, t)
;=<|}H7USA@K.OS|V]a:_IKna:k\AA@N#OJA@a\^AI^ |}a^L_POJ|}jMAIROJVHA 4LA@a_@AIH















u ∈ T ∗
;=<A¨HJAPOuVn +         8 
|H
Reach(N ) = {M | ∃u ∈ T ∗ M0 [u〉M}
Kna^OS<A    8   gVnK7q]A@aAIUSKM|}@A^~aAPO
N =
(P, T, Pre, Post, M0)
|}HEOS<A7}KMk\AI}AI^q]USKM[<
ΓN = (V,Λ, v0)
<V]HJABHJAPO!VMj]A@UJOJ|_PAIHE|H!qM|}jMAIa
k#R~OJ<A0HA@O










{(M, t,M ′) |M, M ′ ∈ V ∧ M [t〉M ′}













p1, . . . , pn
|OJ<USAIHJ[\A_OS|j]AO*R#[AIH
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x ∈ A \ {0}
VMaA0_@Kna{a^
HJVM?BA
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y  x ⇔ ∀k ∈ N · k · y @ x
       	  







(x, y) ≤G◦H (x
′, y′) ⇔ x <G x
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u <lex v ⇔ ∃n ∈ N ∀m ≤ n um = vm
KMa^
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A ⊆ (Rn)+





G = G1 ∪ · · · ∪ Gn
HL\_`<
OS<K.O0¡|9£




















a  b ⇒ a = 0
£Q^|}j4|HJ|k|}}|O*R?BVMaV]|}^¡¢§ZU`_`<|}?BAI^AKnaHJR#HOJAI?7H
VM¥Knq]a|OSL^AHS£QKna^OS<4L\HQ|HQ|HJVM?BVMUS[<|_EOJVKnaVMU`^AIUJA^#®HJLk?BV]aVM|^VnOJ<A0KM^^|OS|j]Ad?BVMaV]|}^VM








































































































ψ : An ◦ · · · ◦ A1 → A
q]|j]A@ak#R
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n<ω Lex (R, n)

7 w ´
	´ t/¢v/ ´ 8 3 )3
Petri = Lex(Z, 1)  GenPetri
 <    ZAd[UJV.j#|^AdKnaA@NKn?B[}A
HJ<V.|aqBOJ<KnO






n · ω +m
OS<AA@}A@?BAIa]O
(n,m) ∈ Z ◦ Z
Kna^}APOQL\H
_@VMaHJ|^A@UOJ<A!aAPOZVM¤O*R#[A
L2 = (Z ◦ Z)










T = {a; b}|OJ<BOS<AV]}V.|aq\V.6USA@K.OS|V]aH
Pre(p, a) = ω

Pre(p, b) = 1
APO













































n < m < ω ⇒ Lex(Z, n)  Lex(Z,m)  Lex(Z)
|OQ_@KMaKM}HJV0k\AHJ<V.a~OJ<KnO
Lex(Z, n) ≈ Lex(Q, n)  Lex(R, n)
f f B¨° /¢y ´ 0\w(x 	 -9/¢y 7Q° v@w /;8 ° vItx 8¤µ 7Q° v@w /8 ° vIt ³ /¢v- / 89-






?° 89/v./ ´ 8 3 3¦§bTAPOSUJ|aAPOE|OS<|a<|k|OJV]UKMUS_IH=|}HK7H*OSUJL_POJLUSA





























∀p ∈ P [Pre(p, t) ∈ N ∧ M(p) w Pre(p, t)] ∨ [Pre(p, t) = ς ∧ M(p) = 0]
|  AMOS<A@RKnUSA¦A@aV]LqM<UJAHV]LU`_PAIH|}aOJ<A!|}a[LOQ[KM_PAH












∀p ∈ P M ′(p) =
{
M(p)− Pre(p, t) + Post(p, t)
|
Pre(p, t) ∈ N
M(p) + Post(p, t)
|




























u ∈ T ∗

;=<AHA@OdVn      )   86 |H
Reach(N ) = {M | ∃u ∈ T ∗ M0 [u〉M}
uKMa^OJ<A)   86
  ,VnKTuA@OJUS|aA@Od|OS<|a<|k|OSVMUdKMUS_IH
N = (P, T, Pre, Post, M0)
|H¦OJ<A}KMk\AI}AI^q]USKM[<
ΓN = (V,Λ, v0)
<V]HJAHA@O¤VM#j]A@UJOJ|_PAH|}H¤qM|}jMAIa¦k4ROJ<A¨HJAPO






Λ ⊆ V ×T×V
|}HuOS<A=UJAH*OSUJ|_OS|V]adVMOJ<A¨OSUSKMaHJ|OS|V]adUSA@K.OJ|}VMa
OSV0OJ<AHJAPOZVM¤USAIKM_`<\Knk}A?7KMUJ#|}aq]H(
Λ = {(M, t,M ′) |M, M ′ ∈ V ∧ M [t〉M ′}

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(1,0) (3,2) (4,3)(2,1) ...
(0,0)
b b b b
c c c c
da
  $&-










































































































(1,−mp) @ Pre(p′, t)
	
OS<|}H=|H[\V4HJHJ|}kAVMa}R7|
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∞ 	∞ = 0
kAI_IKnLHJA?BVMUSABqMA@aA@U`Kn}RgUJV]?
x 	 x v 0 ⇔ x v 0 ⊕ x = x
|OdVM}V.ZH















x	∞ v y ⇔ x v y ⊕∞ =∞

;=<AIaOJ<Ad|^A@a4OJ|O*R
(a ⊕ b) 	 b = a
|HZaVMOEHSK.OJ|H{AI^V]U
























M [t〉M ′ ⇔ ∀p ∈ P
{
M(p) w Pre(p, t) ∧ (M(p)− Pre(p, t)) + Post(p, t) v kp
M ′(p) = (M(p)− Pre(p, t)) + Post(p, t)
OS<|}HZUJL}A!_@KMakA!USAPVMUS?dL}KnOJAI^~KMH(
M [t〉M ′ ⇔ ∀p ∈ P
{
Pre(p, t) vM(p) v (kp + Pre(p, t))− Post(p, t)








v- ° t  
 z USAIHOJUS|}_POJ|}VMaVM¤OS<A!qMUSVML[VM[A@U`K.OS|V]a
x⊕ y = x+ y
❖
v- ° vIw 98uyMxv ° µ«µ
/ ° w ° 8uy ° z






 	  |}aOJ<A
HJA@a\HAEOJ<\K.O
∀g ∈ G ∃n ∈ N · n · k w g
A!_@KMa~k#R?BV^|R#|aq0OS<A¦{US|aqBUSL}AEAIaVMU`_PAEOS<K.OOS<A
j.KMLAHVM[KM_@AIH=H*O`K(RB|OS<|aOJ<A¦|}a4OJA@USj.Kn




v- ° vIw 98uyMxv ° µ«t	
z
x y = (x+ y) u k
❖
v- ° vIw 98uyMxv ° µ«µ
/ ° w ° 8uy ° z
x	 y = (x− y) t 0
❖
v- °"	 w ´ µ uynv]z
x • y = ((x + y)− k) t 0
❖
v- ° /
 	 ,1/¢y]xv/ ´ 8¨z
x→ y = ((y + k)− x) u k
❖
v- ° 8 ° 0\xv./ ´ 8z
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¡*C£ 2 OZ|HZK0k\V]La^A^~K.OJOJ|_PA (




















x • y =
¬(¬x  ¬y)
¡<AIa_PA
x y = ¬(¬x • ¬y)
£
¡ÔeM£




x • y v z ⇔ x v y → z¡  n£

|}HKB_PVM USAIHJ|^LK.OSAI^?0V]aVM|^(
x y w z ⇔ x w z 	 y¡¢p]£
(y → z) = z  ¬y
KMa^
z 	 y = z • ¬y¡  ]£
x t y = (y → x)→ x = (x→ y)→ y = x (y 	 x) = y  (x 	 y)¡CIm]£




x • y v z ⇔ x v y → z
£QHL_`<OJ<KnO






¬ : A→ A
HJL_`<OS<K.OZ|¤A¦A@O




(x→ y) = ¬x yOS<A@a
x • 0 = 0
KMa^
(y → x)→ x = (x→ y)→ y

?° 89/v./ ´ 8 13  3d§ kVMLa\^AI^aA@O
|HdKHOJUSL_POJLUSA























∀p ∈ P ∀t ∈
T Pre(p, t), P ost(p, t) ∈ Ap
§b?7KnUS#|aq0|HZKB?7Kn[



















M [t〉M ′ ⇔ ∀p ∈ P
{
Pre(p, t) vM v Post(p, t)→ Pre(p, t)
M ′ = (M 	 Pre(p, t))  Post(p, t)
;=<|}H7USA@K.OS|V]a:_IKna:k\AA@N#OJA@a\^AI^ |}a^L_POJ|}jMAIROJVHA 4LA@a_@AIH
















u ∈ T ∗
B;=<ABHA@O¦VM+    
    8 |}H
Reach(N ) = {M | ∃u ∈ T ∗ M0 [u〉M}
]Kna\^dOS<A     8    7VnKEk\V]La^A^BaAPO
N = (P, T, Pre, Post, M0)
|}HOJ<A7KnkA@}}AI^qMU`Kn[<








Λ ⊆ V × T × V
|}HOS<A¦UJAH*OSUJ|_OS|V]aVn¤OJ<AEOSUSKMaH|OJ|}VMa~UJAI}KnOJ|}VMaOJV
OJ<A!HJAPOVnuUJAKM_`<KMkAQ?BKMUJ#|}aq]H(
Λ = {(M, t,M ′) |M, M ′ ∈ V ∧ M [t〉M ′}

;=<A¦kV#VM}AIKnaKn}qMAIkUSK
2 = {0, 1}
|H=Kna¥­ZÎKn}qMAIkUSKd<A@USA
x y = x t y
Kna\^
x • y = xu y 	 APO
P
kAOJ<AZHJAPO¨Vn[}K]_PAHVnK¦aA@OKna^

















x  y = min(1, x+ y)KMa^
x • y = max(0, x+ y− 1)
OS<A@a~¨AVMkO`Kn|}a7OJ<A{US|aqdUSLAVn¤HJVM?BA4|}a^VnVMaAHSK.A;& LI@R &
aAPOSH (
M [a〉M ′ ⇔ ∀p ∈ P
{
Pre(a, p) vM(p) v Pre(a, p) + 1− Post(a, p)
M ′(p) = min(1,M(p) + Post(a, p)− Pre(a, p))
Y\ l 4 ´ 
 	 , ° 
 ° 8vIxw ± 	 ,Ôxy ° t 3¥La^|_P| C(l[USV.jMAI^~OS<K.O!¥­ZÎKn}qMAIkU`KMHZ_@VM|}a_P|^Ad|OJ<
[0, k]|}a4OJAIUJj.KnHVnKMk\AI|Kna K.OOS|}_@AP®VMU`^A@USAI^ qMUSVML[H<A@USA
k
|}HKH*OSUJV]aq La|OI ¥VMUSA[USAI_P|HJA@}R |




Γ (G, k) = (A,, 0, •, k,¬)<A@USA
G = [0, k] = {x ∈ G | 0 v x v k}

x  y = (x + y) u k

x • y = ((x + y)− k) t 0
\KMa^





x v y ⇔ x	y = 0¡¢<A@USA
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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¡¢Y©lM£
b v ¬a v b c ⇒ (a b) • c = (a • (c b))  (b • c)




a• b = 0
|  A]
a+ b v k
|}a7OS<AZLa^A@USR#|}aq!qMUSVML[ !¨V]a^|OJ|}VMa
¬a v b c|H=A	4L|}j.Kn}A@a4O=OJV
a b c = k
|Ô AM
a+ b+ c w k
|}aOJ<A!La\^A@USR#|}aqBqMUSVML[ a~OJ<A!VMaA¦<KMa^
(a b) • c = ((a+ b) u k) • c = (a+ b) • c = (a+ b+ c− k) t 0 = a+ b+ c− k
 a~OJ<A!VnOJ<A@U<KMa^
a • (c b) = a • [(c+ b) u k]





c+ b w k
a+ c+ b− k
|
c+ b v k
KMa^




b+ c w k
0
|
b+ c v kKMa^OJ<#LH





















! )*   Q;U`KnaHJK.OJ|}VMaUJV]? kVMLa^AI^aAPO`H=OJVBq]A@aAIUSKM|}@A^TAPOSUJ|aAPOSH
;=<AKMk\V.j]A[UJV][\AIUO*R?7K(R7kA!UJAI[<U`KMHJAI^~KMH (
¡¢Y f]£
b v ¬a v b ¬c (= c→ b) ⇒ (a b)	 c = (a	 (c	 b))  (b	 c)
KMa^OJ<#LH0Kn[[\AKnU`HKMH
K¨AKn]A@a|}aqVnZA ]L\K.OJ|}VMa ¡ l p]£¦<|}_`<AIaHLUJAH!OJ<AKMHSHV_@|}KnOJ|}j4|O*RgVMOJ<A
{\UJ|}aqBUJLA¦VnuqMAIaA@U`Kn}|IAI^~TAPOJUS|aA@OSHI


























Ap ' Γ (Gp, kp)
 2  A]VMaA¦<K]H
Pre(p, t) = Pre(p, t)
Post(p, t) = Post(p, t)
Pre(p′, t) = Post(p, t)	 Pre(p, t)
Post(p′, t) = Pre(p, t)	 Post(p, t)
ªu|}USHO¦VMaA0<KMH






























x v m v y → x ⇒ ¬ [(m	 x)  y] = [¬m	 (y 	 x)]  (x	 y)
<|}_`<~VM}V.ZHUSVM?¡Y f]£HJ|a\_PA












M [t〉M ′ ⇔M wM ∧ M ′ = (M 	 Pre(t)) ⊕ Post(t)
5&69D587
 
	  l  
<A@USAOJ<AHL? KMa^|OSHKMHSHV_@|}KnOJAI^:USAIHJ|}^LK.OS|V]a _@Kn[OJLUSAUSAIHJ[\A_OJ|}jMAIR:<V. USAIHJVMLU`_PAHB|OS<|a
[}K]_PAIHKMUJA¨[UJV^L\_PAI^0Kna\^d_PV]aHJL?BAI^dOJ<USVMLq]<!OJ<A={UJ|}aqEVn\KOSUSKMaH|OJ|}VMa¤;=<A=KnkV.jMAUJLAAPN#OJAIa^H
OSV7HA ]LA@a_@AIH=Vn¤OJU`KnaHJ|OJ|}VMaH=k#R}APOJOJ|}aq
Pre(uv) = Pre(u)⊕ (Pre(v) 	 Post(u))
Post(uv) = (Post(u)	 Pre(v)) ⊕ Post(v)
HJLkW*A_O=OJVBOS<A_PV]a^|OJ|}VMa~OJ<KnOOJ<AK]HJHJV_P|K.OSAI^k|aKMUJRVM[A@U`K.OJ|}VMa
(x, y) ⊗ (x′, y′) = (x ⊕ (x′ 	 y), (y 	 x′)⊕ y′)
kA7KMHSHV_@|}KnOJ|}jMAM!A0[UJV.j]AOS<|}H¦K.OJOJAIU¦_@VMa^|OS|V]agOSV~kABA	4L|}j(KMAIa4OOSV~OS<AB_@Kna\_PA@}Knk|}|O*RVn¨OJ<A
HJL? <|}_`<|HKnHV7_`<KMUSK]_OJAIUJ|}@A^7k#ROS<A¦|}^AIa4OJ|O*R (
(b⊕ c)	 a = (b	 (a	 c))⊕ (c	 a)
;=<A{\UJ|}aqBUJAI}KnOJ|}VMa_@KMaOS<A@akA!APN[USAIHSHA^KMH








M ′ = (M 	 Pre(u))⊕ Post(u)l
M ′ w Post(u)
Kna^
M = (M ′ 	 Post(u))⊕ Pre(u)f
M w Pre(u) 	 M ′ w Post(u)
Kna^
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